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PIEZOELECTRIC RESONATOR AND
ELECTRONIC COMPONENT CONTAINING
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to novel piezoelectric reso-
nators and electronic components containing such novel
piezoelectric resonators, and more particularly, to a novel
piezoelectric resonator which maximizes the effective use of
the mechanical resonance of a piezoelectric member, and
clectronic components containing such a novel piezoelectric
resonator, such as an oscillator, a discriminator, and a filter.

2. Description of the Related Art

FIG. 40 1s a perspective view of a conventional piezo-
clectric resonator. A piezoelectric resonator 1 includes a
single piezoelectric substrate 2 having, for example, a rect-
angular plate shape as viewed from above. The single
piezoelectric substrate 2 1s polarized 1n the thickness direc-
fion. On two opposite major surfaces of the piezoelectric
substrate 2, electrodes 3 are provided. When a signal 1s input
between the electrodes 3, an electrical field 1s applied to the
single piezoelectric substrate 2 in the thickness direction and

the single piezoelectric substrate 2 vibrates in the longitu-
dinal direction.

In FIG. 41, there 1s shown a piezoelectric resonator 1 in
which electrodes 3 are provided on both surfaces of a single
piczoelectric substrate 2 having a square plate shape as
viewed from above. The single piezoelectric substrate 2 of
the piezoelectric resonator 1 1s polarized i1n the thickness
direction. When a signal 1s input between the electrodes 3 in
the piezoelectric resonator 1, an electrical field 1s applied to
the single piezoelectric substrate 2 1n the thickness direction
and the single piezoelectric substrate 2 vibrates 1n square-
type vibration mode (in the plane direction).

Because the piezoelectric substrate of the piezoelectric
resonator shown in FIG. 40 has a rectangular plate shape, the
substrate cannot be made thinner because of restrictions 1n
strength. Therefore, the distance between the electrodes
cannot be reduced and a capacitance between terminals
cannot be increased. This makes 1t extremely difficult to
achieve impedance matching with an external circuit. To
form a ladder filter by alternately connecting a plurality of
piezoelectric resonators 1n series and 1n parallel, the capaci-
tance ratio of the series resonator to the parallel resonator
needs to be made large 1in order to increase attenuation.
Because a piezoelectric resonator has the shape and struc-
tural limitations described above, however, large attenuation
cannot be obtained.

Such a piezoelectric resonator 1 uses the first-order reso-
nance 1n the longitudinal mode. Because of its structure, the
piezoelectric resonator 1 generates large spurious reso-
nances 1n odd-number-order harmonic modes, such as the
third-order and fifth-order modes, and 1n width mode. To
suppress these spurious resonances, some solutions have
been considered, such as polishing, increasing mass, and
changing the shape of the electrode. These solutions increase
manufacturing cost.

In the piezoelectric resonator shown 1n FIG. 41, large
spurious resonances such as those in the thickness mode and
in the triple-wave mode 1n the plane direction are generated.
Since the piezoelectric resonator must have a large size as
compared with a piezoelectric resonator using the longitu-
dinal vibration 1n order to obtain the same resonant
frequency, it 1s difficult to reduce the size of the piezoelectric
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resonator. When a ladder filter 1s formed by a plurality of
piezoelectric resonators, 1n order to 1increase the capacitance
ratio between the series resonator and the parallel resonator,
the resonators connected in series must have an increased
thickness and electrodes are formed only on part of a
piczoelectric substrate to make the capacitance small. In this
case, since the electrodes are only partially formed, the
difference AF between the resonant frequency and the anti-
resonant frequency as well as the capacitance 1s reduced.
The resonators connected in parallel are accordingly
required to have small AF. As a result, the piezoelectricity of
the piezoelectric substrate 1s not effectively used, and the
transmission band width of the filter cannot be increased.

These piezoelectric resonators shown 1n FIGS. 40 and 41
are of unstiffened type resonators, in which the vibration
direction differs from the direction of polarization and the
clectrical field. The electromechanical coupling coefficient
of such an unstiffened piezoelectric resonator 1s lower than
that of a stiffened piezoelectric resonator, in which the
vibration direction, the direction of polarization, and the
direction 1n which an electrical field 1s applied are the same.

An unstiffened piezoelectric resonator has a relatively
small frequency difference AF between the resonant fre-
quency and the anfiresonant frequency. This leads to a
drawback 1n which a frequency-band width 1n use 1s narrow
when an unstiffened frequency resonator i1s used as an
oscillator or a filter. Therefore, the degree of flexibility and
freedom 1n resonator characteristics design 1s low in such
unstiffened piezoelectric resonators and electronic compo-
nents containing such piezoelectric resonators.

In the prior art, such as U.S. Pat. No. 5,250,868, a
piezoelectric effect device mcludes a sintered stack of piezo-
clectric elements which stack 1s completely enclosed 1n a
flexible metal housing to be used as an actuator. The stack
includes non-active portions I, and I located at the ends of
the stack for protecting the active portions I, through 1.
In order to function as an actuator, the stack 3 of piezoelec-
tric elements must be supported at one end and must be free
to vibrate 1n a longitudinal mode at the other end. Thus, the
stack 3 could not be supported at a point other than the one
end and therefore, the stack 3 could not be supported at a
central or middle portion of the stack 3 without destroying
the operability of the stack 3 as an actuator. In addition, the
stack 3 of piezoelectric elements must achieve maximum
displacement required for actuators and therefore, the stack
3 must have a node point located only at the supported end
of the stack 3. The stack 3 cannot have a node point located
at a cenfral or middle portion of the stack, otherwise the
stack 3 could not function as an actuator. By arranging the
stack 3 to have a node point at one end and to be supported
at the same end, the stack 3 can achieve the maximum
desired displacement necessary 1n an actuator.

In addition, U.S. Pat. No. 4,633,120 teaches an electros-
triction transducer including a plurality of electrostriction
layers, not piezoelectric layers, stacked on each other and
including protection or dummy layers on each end of the
stack of electrostriction layers for protecting the stack of
clectrostrictive layers. The electrostriction layers are very
different from piezoelectric elements and cannot function in
the same manner as piezoelectric elements, as 1s well
known.

The prior art stacked devices are only adapted to function
as an actuator or electrostrictive transducer, and could not
function as a resonator. Therefore, a location of a resonant
point and an anti-resonant point and an amount of capaci-
tance 1s of no concern 1n these types of devices. Accordingly,
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the prior art stacked devices have electrodes provided at
both ends of the stack of piezoelectric or electrostriction
members. These electrodes cannot be located along a lon-
oitudinal side edge of the stack in order for the stacked
devices to function as an actuator or transducer.
Furthermore, these prior art devices cannot have a node
located at a central or middle portion of a stack of piezo-
clectric elements or be supported at a node located at a

central or middle portion of the stack.

In addition, the only purpose for providing the protection
or dummy layer 1s to protect the piezoelectric or electros-
triction layers surrounded by the protection or dummy
layers. The stacked piezoelectric or electrostrictive layers of
the prior art are not arranged or adapted to function as a
resonator which can be used 1n an oscillator, a discriminator,
or a filter.

SUMMARY OF THE INVENTION

The preferred embodiments of the present invention pro-
vide a piezoelectric resonator having a small spurious
resonance, a large difference AF between the resonant fre-
quency and the antiresonant frequency, an easily adjustable
location of a resonant point and an antiresonant point, an
casily adjustable capacitance and AF, and a large degree of
freedom and flexibility 1n resonator characteristics design,
and also provide an electronic component containing such a
novel piezoelectric resonator.

The preferred embodiments of the present invention also
provide a piezoelectric resonator including a piezoelectric
base member comprises an integral unit including a plurality
of interconnected piezoelectric layers or members and a
plurality of electrodes disposed between said piezoelectric
layers.

The preferred embodiments of the present invention also
provide a piezoelectric resonator including a piezoelectric
base member comprising a stack of a plurality of intercon-
nected piezoelectric layers each of which 1s adapted to
vibrate individually 1n a thickness vibration mode such that
the stack of interconnected piezoelectric layers vibrate as a
whole 1 a longitudinal vibration mode.

The preferred embodiments of the present invention fur-
ther provide a piezoelectric resonator including a piezoelec-
fric base member comprises an integral unit including a
plurality of interconnected piezoelectric layers or members
and a plurality of electrodes disposed between said piezo-
clectric layers, wherein each of the piezoelectric layers
located between adjacent ones of the electrodes 1s polarized
in a direction that 1s opposite to a direction of polarization
of at least one adjacent piezoelectric layer. That 1s, the base
member 1s preferably polarized 1n opposite directions at both
sides of at least one of the electrodes.

According to one preferred embodiment of the present
invention, a piezoelectric resonator comprises a base mem-
ber; a plurality of internal electrodes disposed 1n the base
member so as to be substantially perpendicular to a longi-
tudinal direction of the base member; and one pair of
external electrodes provided on a common side surface or
different side surfaces of the base member to connect the
plurality of internal electrodes; wherein the base member
includes an integral unit including a plurality of piezoelec-
tric layers and the plurality of internal electrodes which are
alternately laminated, and an AC electric field 1s applied to
cach of the piezoelectric layers via the plurality of internal
clectrodes such that the base member generates longitudinal
basic vibration.

The piezoelectric resonator according to the preferred
embodiments of the present invention may be configured
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4

such that the plurality of piezoelectric layers are polarized 1n
the longitudinal direction of the base member 1n opposite
directions at each side of each of the plurality of internal
clectrodes, and adjacent electrodes of the plurality of inter-
nal electrodes are alternately connected to one of the exter-
nal electrodes, respectively.

The piezoelectric resonator may be configured such that it
further mncludes at least one pair of connection sections in
which alternate exposed sections of the plurality of internal
clectrodes are covered by insulating films, each of the
plurality of internal electrodes 1s formed to cover an entire
surface of a cross section of the base member, and the one
pair of external electrodes 1s disposed on the one pair of
connection sections such that adjacent internal electrodes
among the plurality of internal electrodes are alternately
connected to one of the pair of external electrodes, respec-
fively.

The piezoelectric resonator may also be configured such
that a part of each of the plurality of internal electrodes 1s
arranged so as not to be exposed at side surfaces of the base
member, and the exposed sections of the plurality of internal
clectrodes are connected to the one pair of external elec-
trodes such that adjacent internal electrodes among the
plurality of internal electrodes are alternately connected to

one of the pair of external electrodes, respectively.

The piezoelectric resonator may also be configured such
that the base member 1s provided with at least either an
inactive section which 1s not polarized or an inactive section
to which no electric field has been applied.

In a preferred embodiment, an active section constitutes a
central portion of the piezoelectric base member and there
are two 1nactive sections each provided at one of the ends of
the active section such that the active section 1s surrounded
by 1nactive sections at opposite ends thereof. The piezoelec-
tric base member 1s preferably arranged such that a node 1s
defined at a center or midpoint of the active section thereby
allowing the piezoelectric resonator to be supported at the
node without affecting the resonator characteristics.

The 1nactive section may be formed 1n many ways. First,
the 1nactive section may be formed without an electrode
material disposed thereon. As a result, the mactive section
without an electrode cannot be polarized or receive an
clectric field. Alternatively, the 1nactive section may be
provided with an electrode material but the inactive section
1s not polarized so 1t does not generate vibration, and 1is
therefore inactive.

Although one or more 1nactive sections may be disposed
at any location within the base member, it 1s preferred in the
piezoelectric resonator of the preferred embodiments of the
present invention that the 1inactive section be provided at the
two opposite ends of the active section, and the active
section preferably occupies about 50% of a length of the
base member.

The piezoelectric resonator may further include a support
member, and a mounting member disposed between the
support member and preferably an approximate center sec-
tion of the base member.

Another preferred embodiment of the present imnvention
provides an electronic component containing the above-
described piezoelectric resonator, wherein the support mem-
ber comprises an i1nsulating substrate on which a pattern
clectrode 1s provided; the base member 1s mounted on the
insulating substrate via the mounting member; and a cap 1s
preferably disposed on the insulating substrate so as to cover
the base member.

Another preferred embodiment of the present mmvention
provides an electronic component containing the above-
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described piezoelectric resonator, wherein the support mem-
ber comprises an insulating substrate on which a pattern
clectrode 1s provided; a plurality of base members are
mounted on the insulating substrate via the mounting mem-
ber so as to define a ladder filter; and a cap 1s preferably
disposed on the 1nsulating substrate so as to cover the base
member.

As a result of the structure and novel arrangement of the
piezoelectric resonator according to the preferred embodi-
ments of the present invention having a base member
comprising piezoelectric layers and electrodes which are
alternately laminated, the capacitance of the piezoelectric
resonator can be easily changed by adjusting the intervals,
the sizes, or the number of electrodes used for applying an
electric field to the base member. When such a piezoelectric
resonator 1s constructed such that the vibration direction, the
direction of polarization, and the direction 1n which an
clectrical field 1s applied are the same 1n the piezoelectric
layers, the resonator 1s a stiffened type resonator. Therefore,
as compared with an unstiffened piezoelectric resonator, 1n
which the vibration direction differs from the direction of
polarization and electrical field, the stiffened piezoelectric
resonator has a larger electromechanical coupling coeflicient
and a larger frequency difference AF between the resonant
frequency and the antiresonant frequency. In addition, vibra-
tions 1n modes such as the width and thickness modes, which
are different from the longitudinal basic wvibration, are
unlikely to occur i a stiffened piezoelectric resonator.
Furthermore, the frequency difference AF and the resonant
frequency can be easily adjusted by reducing or increasing
a size or mass ol an 1nactive section.

When electronic components such as an oscillator, a
discriminator, and a filter are constructed to include the
piezoelectric resonator according to the preferred embodi-
ments of the present invention, the piezoelectric resonator 1s
preferably mounted on an insulating substrate on which
pattern electrodes are provided and the resonator 1s prefer-
ably covered by a cap to form chip-type, surface-mountable
clectronic components.

According to the preferred embodiments of the present
invention, since the capacitance of the piezoelectric resona-
tor can be easily adjusted, 1t 1s easy to achieve impedance
matching with an external circuit when the piezoelectric
resonator 1s mounted on a circuit board. When the piezo-
clectric resonator 1s a stiffened type resonator, the frequency
difference AF between the resonant frequency and the anti-
resonant frequency 1s large as compared with a conventional
piezoelectric resonator, and thus a wide-frequency-band
resonator 1s obtained. In addition, vibrations 1n modes other
than the basic-vibration mode are unlikely to occur 1n this
piezoelectric resonator, and superior resonator characteris-
fics are achieved. Since the frequency difference AF 1s easily
adjusted by adjusting the inactive section, the frequency-
band width of the piezoelectric resonator can easily be
changed.

Since a chip-type electronic component can be con-
structed using the piezoelectric resonator of the preferred
embodiments of the present invention, it 1s easy to mount the
component on a circuit board. It 1s also easy to achieve
impedance matching between such an electronic component
and an external circuit by adjusting the capacitance of the
piezoelectric resonator. In addition, 1in a ladder filter formed
by alternately connecting a plurality of piezoelectric reso-
nators 1n series and in parallel, attenuation 1n the filter can
be adjusted by changing the ratio of the capacitance of the
piezoelectric resonator connected 1n series to that of the
piezoelectric resonator connected 1n parallel.
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These and other elements, features, and advantages of the
preferred embodiments of the present invention will be
apparent from the following detailed description of the
preferred embodiments of the present invention, as 1illus-
trated 1n the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a piezoelectric resonator

according to a preferred embodiment of the present inven-
tion.

FIG. 2 1s a view showing the structure of the piezoelectric
resonator shown 1n FIG. 1.

FIG. 3 1s a perspective view 1ndicating how ceramic green
sheets are laminated 1n order to produce the piezoelectric
resonator shown 1 FIG. 1.

FIG. 4 1s a view showing a laminated block formed by the
ceramic green sheets shown 1n FIG. 3.

FIG. § 1s a view showing portions where the laminated
block shown 1n FIG. 4 1s cut.

FIG. 6 1s a view showing a plate-shaped block made by
cutting the laminated block shown 1n FIG. §.

FIG. 7 1s a view showing the condition in which a resin
insulating material 1s applied to the plate-shaped block
shown 1n FIG. 6 and external electrodes are formed.

™

FIG. 8 1s a perspective view of an unstiffened piezoelec-
tric resonator which vibrates 1n the longitudinal direction,
which 1s shown for comparison.

FIG. 9 1s a perspective view of a stiffened piezoelectric
resonator which vibrates 1n the longitudinal direction.

FIG. 10 1s a perspective view of an unstiffened piezoelec-
tric resonator which vibrates in the plane direction (square-
type vibration), which is shown for comparison.

FIG. 11 1s a view showing another piezoelectric resonator
according to the preferred embodiments of the present
invention.

FIG. 12 1s a view showing still another piezoelectric
resonator according to the preferred embodiments of the
present 1nvention.

FIG. 13 1s a chart showing the relationship between the
frequency and the impedance of the piezoelectric resonator

according to the preferred embodiments of the present
invention.

FIG. 14 1s a chart showing the relationship between the
frequency and the impedance of a conventional piezoelectric
resonator.

FIG. 15 1s a view of a piezoelectric resonator in which the
distribution of an active section and 1nactive sections 1s
changed 1n a base member.

FIG. 16 1s a chart indicating the relationship between the
distribution of an active section and capacitance, and AF/Fa.

FIG. 17 1s a chart showing the relationship between an
active-section ratio and AF.

FIG. 18 1s a view showing a modified piezoelectric
resonator according to the preferred embodiments of the
present 1nvention.

FIG. 19 1s a view showing another modified piezoelectric
resonator according to the preferred embodiments of the
present 1nvention.

FIG. 20 1s a view showing still another piezoelectric
resonator according to the preferred embodiments of the
present 1nvention.

FIG. 21 1s a view 1mndicating the gap between the end of
an internal electrode and a side surface of a base member 1n

the piezoelectric resonator.
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FIG. 22 1s a chart indicating the relationships between the
capacitance and AF, and the gap between an internal elec-
trode and a side surface of the base member.

FIG. 23 1s a plan showing modified piezoelectric layers of
the piezoelectric resonator shown in FIG. 20.

FIG. 24 1s a view showing a piezoelectric resonator
having the piezoelectric layers shown in FIG. 23.

FIG. 25 1s a view showing a modified 1nactive section of
a piezoelectric resonator.

FIG. 26 1s a view showing another modified 1nactive
section of a piezoelectric resonator.

FIG. 27 1s a view showing an electrode formed at an end
of a base member.

FIG. 28 1s a perspective view of an electronic component
containing the above-described piezoelectric resonator.

FIG. 29 1s a perspective view of an insulating substrate
provided 1n the electronic component shown 1n FIG. 28.

FIG. 30 1s an exploded perspective view of the electronic
component shown 1n FIG. 28.

FIG. 31 1s a view 1ndicating another method for mounting,
the piezoelectric resonator o the insulating substrate.

FIG. 32 1s a side view showing the method for mounting,
the piezoelectric resonator, shown 1 FIG. 31.

FIG. 33 1s a view indicating still another method for
mounting the piezoelectric resonator on the insulating sub-
strate.

FIG. 34 1s a side view showing the method for mounting
the piezoelectric resonator, shown 1 FIG. 33.

FIG. 35 1s an exploded perspective view of a ladder filter
using the piezoelectric resonators according to the preferred
embodiments of the present 1nvention.

FIG. 36 1s a perspective view of an insulating substrate

and the piezoelectric resonators 1n the ladder filter shown 1n
FIG. 35.

FIG. 37 1s an equivalent circuit diagram of the ladder filter
shown 1n FIG. 35.

FIG. 38 1s an exploded perspective view of a two-terminal
electronic component.

FIG. 39 1s a chart indicating the relationship between Cf
and AF/Fa, and other parameters.

FIG. 40 1s a view of a conventional unstiffened piezo-
electric resonator.

FIG. 41 1s a view of another conventional unstiffened
piezoelectric resonator.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 1s a perspective view of a piezoelectric resonator
according to a preferred embodiment of the present inven-
tion. FIG. 2 shows the internal structure of the piezoelectric
resonator. The piezoelectric resonator 10 includes a base
member 12 preferably having, for example, a substantially
rectangular-parallelpiped shape. The base member 12 1is
made from, for example, a piezoelectric ceramic material. A
plurality of electrodes 14 are provided in the base member
12 and preferably at both end surfaces of the base member
12 1n the longitudinal direction such that the surfaces of the
clectrodes 14 are substantially perpendicular to the longitu-
dinal direction of the base member 12. The base member 12
1s preferably polarized 1n opposite directions at both sides of
at least one of the electrodes 14 as seen 1n FIG. 2.

On the opposing side surfaces of the base member 12, a
plurality of insulating films 16 and 18 are provided, respec-
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tively. On a first side surface of the base member 12, the
msulating film 16 covers the exposed section of every other
clectrode 14. On a second side surface of the base member
12, the insulating film 18 covers the exposed section of
every other electrode 14 not covered by the insulating film
16 on the first side surface. The side surfaces of the base
member 12 on which the insulating films 16 and 18 are
provided serve as connection sections to external electrodes,
which will be described later.

In these connection sections, namely, the side surfaces of
the base member 12 on which the insulating films 16 and 18
are provided, external electrodes 20 and 22 are disposed.
The electrode 20 connects to electrodes 14 which are not
covered by the insulating film 16, and the electrode 22
connects to electrodes 14 which are not covered by the
insulating film 18. In other words, two adjacent electrodes
14 are connected to the electrodes 20 and 22, respectively.
The piezoelectric resonator 10 preferably uses the external
clectrodes 20 and 22 as mput and output electrodes. The base
member 12 1s piezoelectrically active because an electric
field 1s applied between adjacent electrodes 14.

In a preferred embodiment of making the piezoelectric
resonator 10, green sheets 30 made from piezoelectric
ceramic are first prepared as shown in FIG. 3. On one
surface of each green sheet 30, electrically conductive paste
including, for example, silver, palladium, and an organic
binder, 1s applied to form an electrically conductive paste
layer 32 over almost the entire area of each green sheet 30
excluding an end portion. A plurality of green sheets 30 1s
laminated such that the end portions where the electrically
conductive paste layers 32 are not formed on the green
sheets are placed alternately in opposite directions. The
laminated member with electrically conductive paste
applied to opposite side faces 1s baked to form a laminated

block 34 shown 1n FIG. 4.

A plurality of electrodes 36, which have been made by
baking the electrically conductive layers 32, are formed in
and at both ends of the laminated block 34. External
clectrodes 38 and 40 disposed on opposite side surfaces are
connected to every other electrode 36, respectively, since the
clectrodes 36 are alternately exposed on opposite side sur-
faces of the laminated block 34. When a DC voltage 1is
applied to the external electrodes 38 and 40, the laminated
block 34 1s polarized. Inside the laminated block 34, a high
DC electric field 1s applied between adjacent internal elec-
trodes 36 alternately 1n opposite directions. Theretfore, the
laminated block 34 1s polarized 1n the opposite directions at
both sides of the electrodes 36 as shown by arrows 1n FIG.

4.

The laminated block 34 preferably i1s surface-ground to
the desired thickness since the antiresonant frequency of the
resonator 1s determined by the thickness of the laminated
block 34. The laminated block 34 is cut by a dicing machine
along dotted lines shown in FIG. 5 such that the cutting
planes are substantially perpendicular to the plurality of
clectrodes 36. Then, a plate-shaped block 42 shown in FIG.
6 1s obtained. A resin insulating material 44 1s preferably
applied to both surfaces of the plate-shaped block 42 as
shown 1n FIG. 7 such that the material 44 1s applied to every
other mternal electrode 36 on one surface and every other
clectrode 36 to which the material 44 1s not applied, on the
other surface. External electrodes 48 are disposed on the
plate-shaped block 42. Then, the resultant block 1s cut
substantially perpendicularly to the internal electrodes 36 to
form the piezoelectric resonator 10 shown 1n FIG. 1.

When a signal 1s applied to the external electrodes 20 and
22 1n the piezoelectric resonator 10, since voltages are




0,144,141

9

applied 1n directions opposite to the directions of polariza-
tion of the piezoelectric layers 1n the base member 12 which
arc polarized, the piezoelectric layers simultaneously
expand and contract as an integral unit 1in the same direction.
An AC electric field 1s preferably applied to each piezoelec-
tric layer 1n the longitudinal direction of the base member 12
via the electrodes 14 connected to the external electrodes 20
and 22, and a driving force for expansion and contraction 1s
ogenerated at each piezoelectric layer. Therefore, the piezo-
electric resonator 10 1s constructed and arranged to vibrate
in the longitudinal direction 1n a basic longitudinal vibration
mode with the approximate center of the base member 12
serving as a node.

As a result of the piezoelectric resonator 10 according to
the preferred embodiments of the present mnvention having
a structure 1 which a plurality of piezoelectric layers and
clectrodes are alternately laminated, the capacitance of the
piezoelectric resonator 10 can be easily changed by adjust-
ing the number of the laminated layers, the electrode size, or
the distances between the electrodes. Therefore, 1t 1s easy to
achieve impedance matching with an external circuit when
the piezoelectric resonator 10 1s mounted on a circuit board.

In the piezoelectric resonator 10 shown 1n FIG. 1, the
polarization direction of the base member 12, the applied
electric field direction, and the direction of vibration 1n the
base member 12 are all the same. In other words, the
piezoelectric resonator 10 1s a stiffened type resonator. The
stiffened piezoelectric resonator 10 has a larger electromag-
netic coupling coefficient than an unstiffened piezoelectric
resonator, 1n which the direction of vibration differs from the
direction of polarization and electric field. Therefore, the
piezoelectric resonator 10 has a larger frequency difference
AF between the resonant frequency and the antiresonant
frequency than the conventional piezoelectric resonator. As
a result of this unique structure, the piezoelectric resonator
10 achieves wide-frequency-band characteristics.

[

To measure differences between stiffened and unstiffened
piezoelectric resonators, piezoelectric resonators shown in
FIGS. 8, 9 and 10 were made. The piezoelectric resonator
shown

in FIG. 8 was made by forming electrodes on both
surfaces 1n the thickness direction of a piezoelectric sub-
strate measuring approximately 4.0 mm by 1.0 mm by 0.38
mm. This piezoelectric resonator was polarized 1n the thick-
ness direction and vibrated in the longitudinal direction
when a signal was applied to the electrodes. The piezoelec-
tric resonator shown 1n FIG. 9 had the same dimensions as
the piezoelectric resonator shown 1n FIG. 8. Electrodes were
disposed on both surfaces 1n the longitudinal direction of a
piezoelectric substrate. The piezoelectric resonator was
polarized in the longitudinal direction and vibrated in the
longitudinal direction when a signal was applied to the
clectrodes. The piezoelectric resonator shown in FIG. 10
was made by disposing electrodes on both surfaces 1n the
thickness direction of a piezoelectric substrate measuring
approximately 4.7 mm by 4.7 mm by 0.38 mm. This
piezoelectric resonator was polarized 1n the thickness direc-
fion and vibrated 1n the plane direction when a signal was
applied to the electrodes. The piezoelectric resonators
shown 1n FIGS. 8 and 10 were unstiffened type resonators
and the piezoelectric resonator shown 1 FIG. 9 was a
stiffened type resonator.

The resonant frequency Fr and the electromechanical
coupling coeflicient K of each of these piezoelectric reso-
nators were measured and the results are shown 1n Tables 1,
2, and 3. Table 1 indicates the measured results of the
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piezoelectric resonator shown 1n FIG. 8. Table 2 indicates
the measured results of the piezoelectric resonator shown 1n
FIG. 9. Table 3 indicates the measured results of the piezo-
electric resonator shown in FIG. 10.

TABLE 1
Basic Longitudinal
longitudinal triple-wave Width-mode
vibration vibration vibration
Resonant frequency 0.460 1.32 1.95
(MHZ)
Electromechanical 18.9 3.9 25.2
coupling
coefficient (%)
TABLE 2
Basic Longitudinal
longitudinal triple-wave Width-mode
vibration vibration vibration
Resonant freguency 0.455 1.44 1.96
(MHZ)
Electromechanical 42.9 12.2 4.0
coupling
coefficient (%)
TABLE 3
Basic Square-type Thickness-
longitudinal triple-wave mode
vibration vibration vibration
Resonant frequency 0.458 1.25 5.65
(MHZ)
Electromechanical 35.0 11.5 23.3
coupling

coefficient (%)

[

It 1s understood from the measurement data that a stiff-
ened piezoelectric resonator has a larger electromagnetic
coupling coefficient K than an unstiffened piezoelectric
resonator, and therefore has a larger frequency difference AF
between the resonant frequency and the antiresonant fre-
quency. The largest spurious vibration 1n a stiffened piezo-
clectric resonator 1s a longitudinal triple-wave type and the
clectromagnetic coupling coefficient K 1s 12.2% during
vibration. During width-mode vibration, which 1s different
from basic vibration, the electromagnetic coupling coefli-
cient K 1s 4.0%. In contrast, the electromagnetic coupling
coellicient K during width-mode vibration 1s 25.2% 1n an
unstiffened longitudinal-vibration piezoelectric resonator. In
an unstiffened square-type vibration piezoelectric resonator,
the electromagnetic coupling coefficient K 1s as large as
23.3% during thickness-mode wvibration. Therefore, 1t 1s
understood that a stiffened piezoelectric resonator has
smaller spurious vibrations than an unstiffened piezoelectric
resonator.

In order to connect the electrodes 14 provided 1n the base
member 12 to the external electrodes 20 and 22, internal
clectrodes 14 may alternately extend to opposite side sur-
faces of the base member 12 as shown 1n FIG. 11. On the
opposite side surfaces of the base member 12, external
clectrodes 20 and 22 are provided. In the piezoelectric
resonator 10, since the electrodes 14 are exposed alternately,
the alternate electrodes 14 are connected to the external
clectrodes 20 and 22, respectively, by disposing the external
clectrodes 20 and 22 on the side surfaces of the base member
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12. Therefore, there 1s no need to provide insulating film on
the side surfaces of the base member 12. An electrode 14 1s
preferably not formed so as to cover the entire area of a cross
section of the base member 12 1n this piezoelectric resonator
10. Therefore, an opposing areca of adjacent electrodes 14 1s
smaller than that of adjacent electrodes 14 which are prel-
erably formed to cover the entire cross section of the base
member 12. By changing the opposing area of the electrodes
14, the capacitance and AF of the piezoelectric resonator 10
can be easily adjusted.

As shown 1n FIG. 12, an active section which 1s piezo-
clectrically active and an inactive section which 1s piezo-
clectrically inactive can be provided 1n the base member 12
of the piezoelectric resonator 10. In this case, for example,
clectrodes 14 are not provided at the opposite end surfaces
of the base member 12, and some electrodes 14 disposed
necar opposite end surfaces of the base member 12 are
preferably successively covered by the insulating films 16
and 18. In this preferred embodiment, three consecutive
clectrodes 14 located at each end of the base member 12 are
preferably covered by the insulating film 16, and two
consecutive electrodes 14 located at each end of the base
member 12 are covered by the insulating film 18. External
clectrodes 20 and 22 are provided on the side surfaces of the
base member 12 on which the msulating films 16 and 18 are
disposed. The internal electrodes 14 are thereby connected
to the external electrodes 20 and 22. Some of the electrodes
14 disposed at the opposite ends of the base member 12 are,
however, not connected to the external electrodes 20 and 22.

At the approximate center of the base member 12, the
base member 12 1s preferably piezoelectrically active
because an electric field 1s applied between adjacent elec-
trodes 14. The base member 12 1s preferably piezoelectri-
cally inactive at opposite ends thereol because an electric
field 1s not applied between adjacent electrodes 14 since the
electrodes 14 are insulated. Therefore, an active section 24
for receiving mput signals 1s defined at the approximate
center portion of the base member 12 as shown by hatching
in FIG. 12. Inactive sections 26 which do not respond to
input signals are also preferably defined at the opposite ends
of the base member 12.

In the piezoelectric resonator 10, the inactive section 26
1s preferably provided at both ends of the base member 12.
The 1nactive section 26 1s adapted to be easily changed to
adjust the resonant frequency and the difference AF between
the resonant frequency and the anfiresonant frequency. For
example, by grinding the end surfaces 1n the longitudinal
direction of the base member 12 or by adding mass to the
inactive section, the resonant frequency and/or the antireso-

nant frequency of the piezoelectric resonator 10 can easily
be adjusted.

In the piezoelectric resonator 10, as described before, the
capacitance of the resonator can casily be adjusted by, for
example, changing the number of piezoelectric layers 1n the
base member 12. In the base member 12, the piezoelectric
layers and electrodes 14 are preferably alternately stacked
and electrically connected 1n parallel. When the number of
layers 1s changed with the total length of the base member
12 remaining constant, the following relationship is satisfied
since the thickness of one layer 1s inversely proportional to
the number of layers:

Capacitance of resonator (the number of layers in active
section/thickness of a layer) (the number of layers in
active section)”
wherein the symbol 1s defined as “is proportional to.”
Thus, the capacitance of the resonator 1s proportional to the
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square of the number of layers 1n the active section of the
base member 12. Therefore, the number of layers m the
active section of the base member 12 is easily changed to
adjust the capacitance of the piezoelectric resonator 10. This
structural arrangement results in the piezoelectric resonator
10 having a high degree of freedom and flexibility 1n
capacitance design. Therefore, 1t 1s easy to achieve 1mped-
ance matching with an external circuit when the piezoelec-
tric resonator 10 1s mounted on a circuit board.

In another example, electrically conductive paste
including, for example, silver, palladium, and an organic
binder, was applied to one surface of each green sheet 30
made from piezoelectric ceramic. A plurality of such green
sheets were stacked alternately and baked integrally at about
1200° C. to form a laminated block 34 measuring approxi-
mately 20 mm by 30 mm by 3.9 mm. External electrodes 38
and 40 were formed by sputtering. A high DC electric field
was applied between adjacent internal electrodes 36 to
polarize the laminated block such that the directions of
polarization 1n adjacent piezoelectric layers were alternately
opposed. The thickness of the laminated block 34 was
changed. The laminated block 34 was cut to form a plate-
shaped block 42 measuring approximately 1.5 mm by 30
mm by 3.8 mm. Every other electrode 36 exposed at the side
surfaces of the plate-shaped block 42 were covered by a
resin 1nsulating material 44 and a silver electrode was
disposed thereon by sputtering. The resultant block was cut
by a dicing machine to obtain a piezoelectric resonator 10
measuring approximately 1.5 mm by 1.5 mm by 3.8 mm.

The piezoelectric resonator 10 had nineteen electrodes 14
in the base member 12, the electrodes 14 being disposed at
an almost equal mterval of about 0.19 mm. Insulating films
16 and 18 were formed so as to avoid applying an electric
field to three piezoelectric layers disposed at both ends of the
base member 12. An active section 24 included 14 piezo-
clectric layers disposed at the approximate center of the base
member 12, and an 1mactive section 26 had three piezoelec-
tric layers at both ends. The piezoelectric resonator 10 had
a capacitance of 830 pF and the frequency characteristics
shown 1n FIG. 13. For comparison, the frequency charac-
teristics of a square-type vibration piezoelectric resonator 1s
shown 1n FIG. 14. It 1s clearly seen from FIGS. 13 and 14
that the piezoelectric resonator 10 according to the preferred
embodiments of the present 1nvention has much less spuri-
ous vibration than the square-shaped piezoelectric resonator.

Depending on the positions where active sections 24 and
inactive sections 26 are located, the frequency difference AF
between the resonant frequency and the antiresonant fre-
quency changes. Inactive sections 26 can be provided, for
example as shown in FIG. 15, at both ends and the approxi-
mate center of the base member 12. The finite element
method was used to calculate changes in capacitance Cf and
frequency difference AF 1n the piezoelectric resonator for
changing positions of the active sections, where “a” indi-
cates the distance between the center and an end of the
piezoelectric resonator 10, “b” indicates the distance
between the center and the center of gravity of an acftive
section 24, “c” indicates the length of the active sections 24,
W indicates the width of the base member 12, and T
indicates the thickness of the base member 12. FIG. 16
shows the relationship between b/a, and the ratio of AF to the
antiresonant frequency Fa, AF/Fa, and the capacitance Cf
with “a” being equal to about 1.89 mm, W and T equal to
about 0.8 mm, “c” equal to about 0.86 mm, and b/a chang-
ing. From FIG. 16, it 1s clearly seen that the capacitance Ct
does not change according to the changing positions of the
active sections 24. In contrast, 1t was also determined that AF




0,144,141

13

decreases as the active sections approach the two opposite
ends of the base member 12.

The frequency difference AF can be easily changed 1n the
piezoelectric resonator 10 by changing the ratio of the active
sections 24 to the inactive sections 26. with a changing
active-section ratio, which 1s a ratio of the length of the
active section 24 to a total length of the base member 12 1n
the piezoelectric resonator 10 shown 1n FIG. 12, the resonant
frequency Fr, the antiresonant frequency Fa, the frequency

difference AF, and 1its rate of change were measured and are
indicated 1n Table 4 and FIG. 17.

TABLE 4

Active-

section Active- AF
length section Er Fa AF change
(mm) ratio (%) (kHz) (kHz) (kHz)  rate (%)
1.80 100.0 1047.4 1163.4 115.9 0.0
1.70 94.4 1042.4 1163.4 120.9 4.3
1.60 88.9 1038.6 1163.4 124.8 7.6
1.53 85.0 1036.6 1163.4 126.8 9.4
1.50 83.3 1035.9 1163.4 127.5 9.9
1.40 77.8 1034.5 1163.4 128.9 11.2
1.35 75.0 1034.3 1163.4 129.1 11.4
1.30 72.2 1034.3 1163.4 129.0 11.3
1.20 66.7 1035.5 1163.4 127.9 10.3
1.17 65.0 1036.1 1163.4 127.2 9.7
1.10 61.1 1038.1 1163.4 125.3 8.1
1.00 55.6 1042.0 1163.4 121.4 4.7
0.90 50.0 1047.4 1163.4 115.9 0.0
0.80 44.4 1054.3 1163.4 109.1 -5.9
0.70 38.9 1062.7 1163.4 100.6 -13.2
0.60 33.3 1072.7 1163.4 90.7 -21.8
0.50 27.8 1084.2 1163.4 79.1 -31.7
0.40 22.2 1097.3 1163.4 66.1 -43.0
0.30 16.7 1111.9 1163.4 51.5 -55.6
0.20 11.1 1127.9 1163.4 35.5 -69.4
0.10 5.6 1145.2 1163.4 18.2 -84.3

FIG. 17 shows the relationship between the active-section
ratio and change 1n AF under the condition in which AF 1s
set to 100% when the active-section ratio 1s 100%, namely
when an 1nactive section does not exist. It 1s clearly seen
from FIG. 17 that AF 1s large at an active-section ratio of
65% to 85% with the peak AF being obtained at an active-
section ratio of 75%. The peak value 1s larger by about 10%
than the AF obtained when the active-section ratio 1s 100%,
in other words, when an 1nactive section does not exist. The
same AF 1s obtained at active-section ratios of 50% and
100%. Therefore, to obtain a piezoelectric resonator having
a large AF, the active-section ratio should be set to be
substantially equal to about 50% or more.

In the piezoelectric resonator 10, when 14 piezoelectric
layers constituted the active section 24 among 20 layers, the
capacitance was 830 pF. In contrast, when the active-section
ratio was set to 100%, which means that only one piezo-
clectric layer was used, 1n other words, when electrodes
were disposed at two opposite end surfaces of the base
member 12, with the same material and the same
dimensions, the capacitance was 3.0 pF. When all of the 24
piezoelectric layers constituted the active section 24, the
capacitance was 1185.6 pF. By changing the number of
piezoelectric layers 1n the active section 24 of the base
member 12 1n the piezoelectric resonator 10, the capacitance
can easlly be changed within a range of about 400-times
difference between the minimum and maximum. Therefore,
by changing the lamination structure of the piezoelectric
resonator 10, the capacitance can be selected from a wide
range which provides a large degree of flexibility and
freedom 1n capacitance design.
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In order to connect the electrodes 14 disposed inside the
base member 12 to the external electrodes 20 and 22,
insulating films 16 and 18 having windows 50 may be
provided such that every other electrode 14 1s exposed as

shown 1n FIG. 18. The external electrodes 20 and 22 are
preferably provided on the insulating films 16 and 18, and
the electrodes 14 alternately connect to the two external
clectrodes 20 and 22. Two external electrodes 20 and 22 may
be disposed on one side surface of the base member 12 as
shown m FIG. 19. Insulating films 16 and 18 are preferably
disposed on one side surface of the base member 12 1n a
two-row arrangement and two rows of connection sections
are preferably provided. These two rows of insulating films
16 and 18 are disposed respectively on every other electrode
14. On these two rows of insulating film 16 and 18, two rows
of external electrodes 20 and 22 are preferably disposed,
respectively. The piezoelectric resonators having these
modifications achieve the same advantages as the above-
described piezoelectric resonator. Also 1n the piezoelectric
resonator 10 1 which internal electrodes 14 are alternately
exposed at side surfaces of the base member 12 as shown 1n
FIG. 20, an active section 24 and 1nactive sections 26 can be
provided.

The capacitance and AF of the piezoelectric resonator 10
in which internal electrodes 14 are alternately exposed as
shown 1n FIG. 20 can be changed by adjusting the opposing
arcas of adjacent electrodes 14. Using the finite element
method, with the gap G between the end of an electrode 14
and the side surface of the base member 12 1n the thickness
direction being changed, the antiresonant frequency Fa,
capacitance Cf, and AF of a piezoelectric resonator having
a base member 12 which 1s approximately 3.74 mm long, 0.8
mm wide, 1.0 mm thick, and having an active section 24
which 1s approximately 3.6 mm long, inactive sections 26
disposed at both ends which are approximately 0.07 mm
long and 20 piezoelectric layers each being approximately
0.18 mm thick, as shown 1n FIG. 21, were calculated. The
results are shown 1n Table 5 and FIG. 22. It 1s found from
Table 5 and FIG. 22 that Cf and AF become smaller as the
cgap G 1ncreases, 1n other words, as the opposite area of the
clectrodes 14 becomes smaller.

TABLE 5
Fa Ct AF
change change change
Gap G Fa rate rate AF rate
wm)  (Hz) (%) CEQR) (%) (kHz) (%)
1 546.37 -0.52 267.58 2747  53.36  30.15
50 546.75 -0.45 264.40 2596  52.71 28.56
100 547.38 -0.33 251.69 1990  50.05  22.07
150 548.20 -0.18 232.38 10.70  45.89 11.93
200 549.20 0.00 209.91 0.00  41.00 0.00
250 550.61 0.26 181.96 -13.32  35.06 -14.49
300 552.11 0.53 156.44  -2547 2975 -27.44

Electrodes 14 may be formed such that they extend to
different end surfaces on the same side of piezoelectric
layers as shown 1n FIG. 23 in a piezoelectric resonator 10
which 1s a modified example of the above-described piezo-
clectric resonator 10. By laminating these two types of
piezoelectric layers, two rows of electrodes 14 are preferably
exposed on one side surface of the base member 12 as shown
in FIG. 24. Therefore, by forming external electrodes 20 and
22 at portions where the electrodes 14 are exposed, the
clectrodes 14 are alternately connected to the external elec-
trodes 20 and 22.

In the piezoelectric resonator 10 in which each electrode
14 1s formed to cover an entire cross section of the base
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member 12 as shown FIGS. 2 and 12, since an electric field
1s applied to the entire cross section of the base member 12,
the electromagnetic coupling coefficient of the resonator 1s
largce and thus AF 1s large. The capacitance of the piezo-
clectric resonator 10 1s therefore also large. When the
laminated block 1s cut to produce a plurality of the piezo-
electric resonators 10, since each electrode has been formed
to cover almost the enfire cross section of the laminated
block 1n advance, each piezoelectric resonator has an elec-
trode which covers the entire cross section even 1f the cut
position shifts. Therefore, 1t 1s not necessary to precisely
determine the positions at which the laminated block 1s cut.
By changing the direction of cutting, resonators having
different cross sections, different areas, and different capaci-
tances are obtained from the same piezoelectric, ceramic,
laminated block. Resonators having various capacitances
and various AF can be obtained according to which electrode
end section has insulating film. As described above, many
types of piezoelectric resonators can be obtained from the
same laminated block.

In contrast, to produce a piezoelectric resonator having a
gap between an end of each electrode 14 and the side surface
of the base member 12 as shown 1n FIGS. 11 and 20, 1t 1s
necessary to cut a laminated block after positioning such that
the gap 1s correctly formed. In such a piezoelectric resonator,
however, 1t 1s not necessary to provide 1nsulating {ilm on a
side surface of a base member, and the number of manu-
facturing steps 1s substantially reduced.

An mactive section 26 may be formed such that an electric
field 1s not applied by not providing electrodes 14 on an end
of the base member 12 as shown 1n FIG. 25. The end of the
base member 12 may be polarized or may not be polarized.
As shown 1 FIG. 26, 1t 1s possible for only the end of the
base member 12 to be not polarized. In this case, even if an
clectric field 1s applied between the electrodes 14, a portion
which 1s not polarized 1s piezoelectrically mactive. In other
words, only when a piezoelectric layer 1s polarized and an
electric field 1s applied, does the layer become piezoelectri-
cally active, otherwise the layer 1s inactive. In this
configuration, the capacitor i1s disposed 1n the 1nactive
section, and the capacitance 1s 1ncreased. A small electrode
52 may be provided on an end surface of the base member
12 as shown 1n FIG. 27 m order to adjust the frequency or
to connect to an external circuit.

Using such a piezoelectric resonator 10, electronic com-
ponents such as oscillators and discriminators are produced.
FIG. 28 1s a perspective view of an electronic component 60.
The electronic component 60 includes an insulating sub-
strate 62. At opposing end portions of the insulating sub-
strate 62, two indentations 64 are preferably formed, respec-
fively. On one surface of the insulating substrate 62, two
pattern electrodes 66 and 68 are formed as shown 1n FIG. 29.
One pattern electrode 66 1s disposed between opposing
indentations and extends 1n a substantially L-shaped manner
from a point near one end toward the center of the insulating
substrate 62. The other pattern electrode 68 1s disposed
between opposing indentations 64 and extends substantially
straight from a point near the other end toward the center of
the msulating substrate 62. The pattern electrodes 66 and 68
are arranged such that they are routed in a roundabout
fashion from the ends of the insulating substrate 62 to the
opposite surface.

At one end of the pattern electrode 66 disposed at the
center of the insulating substrate 62, a protrusion 70 1is
formed with electrically conductive adhesive. As shown 1n
FIG. 30, the above-described piezoelectric resonator 10 1s
preferably mounted on the protrusion 70 such that the
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approximate center of the base member 12 at a location of
a node point of the base member 1s disposed on the protru-
sion 70. An external electrode 22 of the piezoelectric reso-
nator 10 1s, for example, connected to the protrusion 70. The
other external electrode 20 1s connected to a pattern elec-
trode 68 preferably with electrically conductive wire 72. The
clectrically conductive wire 72 1s preferably connected to
the approximate center of the external electrode 20 of the
piezoelectric resonator 10. The protrusion 70 may be pro-
vided on the piezoelectric resonator 10. In this case, the
protrusion 70 provided for the piezoelectric resonator 10 1s
mounted on the pattern electrode 66 with electrically con-
ductive adhesive.

A metal cap 74 1s preferably placed on the insulating
substrate 62 to complete the electronic component 60. To
prevent the metal cap 74 from being short-circuited to the
pattern electrodes 66 and 68, insulating resin 1s preferably
applied to the insulating substrate 62 and the pattern elec-
trodes 66 and 68 1n advance. The electronic component 60
uses the pattern electrodes 66 and 68, which are arranged
such that they are routed to the rear surface from ends of the
insulating substrate 62, as mput and output terminals for
connecting to external circuits.

Since the approximate center of the piezoelectric resona-
tor 10 1s connected to the protrusion 70 1n this electronic
component 60, the ends of the piezoelectric resonator 10 are
disposed separately from the insulating substrate 62 so
vibration 1s not prevented or damped. Excited longitudinal
vibration 1s not weakened because the approximate center of
the piezoelectric resonator, which serves as a node, 1s
secured to the protrusion 70 and 1s connected to the elec-
trically conductive wire 72.

The electronic component 60 1s preferably mounted on a
circuit board together with IC chips and other components to
form an oscillator and a discriminator. Since the electronic
component 60 1s sealed and protected by the metal cap 74,
it can be used as a chip-type, surface-mountable component
which can be mounted by reflow soldering or other suitable
methods.

When the electronic component 60 1s used 1n an oscillator,
spurious vibrations are suppressed to a low level and
unusual vibration caused by the spurious vibrations are
prevented due to the unique structure and arrangement of the
piezoelectric resonator 10 used 1n the electronic component
60. It 1s also easy to achieve impedance matching with an
external circuit since the capacitance of the piezoelectric
resonator 10 can be set to any desired value. Especially
when the electronic component 1s used for an oscillator for
voltage-controlled oscillation, a wide frequency range which
cannot be obtained conventionally 1s achieved as a result of
a large AF of the resonator.

When the electronic component 60 i1s used for a
discriminator, a wide peak-separation range 1s achieved as a
result of a large AF of the resonator. In addition, since the
resonator provides a wide capacitance range, 1t 1S €asy to
achieve 1impedance matching with an external circuait.

The piezoelectric resonator 10 may be preferably
mounted on the insulating substrate 62 so that two protru-
sions 70 made from an electrically conductive material such
as clectrically conductive adhesive are provided on both
pattern electrodes 66 and 68, and the external electrodes 20
and 22 of the piezoelectric resonator 10 are connected to the
two protrusions 70, as shown 1 FIGS. 31 and 32. The
piezoelectric resonator 10 may also be mounted on the
msulatmg substrate 62 1n a way shown 1n FIGS. 33 and 34
in which two protrusions 70 made from an insulating
material such as insulating adhesive are formed on the
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insulating substrate 62 and the external electrodes 20 and 22
are connected to the pattern electrodes 66 and 68 with
clectrically conductive wire 72.

A ladder filter can be constructed to contain at least one,

but preferably, a plurality of the piezoelectric resonators 10.
As shown 1n FIGS. 35 and 36, three pattern electrodes 76,

78, and 80 are disposed on an 1nsulating substrate 62 1n this
clectronic component 60. Protrusions 82 and 86 are formed
with electrically conductive adhesive on both-end pattern
clectrodes 76 and 80. On the center pattern electrode 78, two

protrusions 84 and 88 are formed with electrically conduc-
five adhesive.

One external electrode 22 for each of piezoelectric reso-
nators 10a, 1056, 10c¢, and 10d 1s mounted on each of the
protrusions 82, 84, 86, and 88, respectively. The other
external electrodes 20 for piezoelectric resonators 10a, 105,
and 10c¢ are connected to each other with electrically con-
ductive wire 72. The other external electrode 20 of a

piezoelectric resonator 10d 1s connected to the pattern
clectrode 80 with electrically conductive wire 72. A metal
cap 74 1s placed on the 1nsulating substrate 62.

The electronic component 60 1s used as a ladder filter
having a ladder-shaped circuit shown m FIG. 37. Two
piezoelectric resonators 10a and 10c serve as series resona-
tors and the other two piezoelectric resonators 105 and 10d
serve as parallel resonators. In such a ladder filter, the
parallel piezoelectric resonators 1056 and 104 are designed to
have substantially larger capacitances than the series piezo-
electric resonators 10a and 10c.

Attenuation 1n the ladder filter 1s determined by the
capacitance ratio between the series resonators and the
parallel resonators. In this electronic component 60, the
capacitance can be adjusted by changing the number of
laminated layers used in the piezoelectric resonators 10a to
10d. Therefore, a ladder filter having a larger attenuation
with fewer resonators 1s 1implemented by changing the
capacitances of the piezoelectric resonators, as compared
with a case where the conventional unstiffened piezoelectric
resonators are used. Since the piezoelectric resonators 104 to
10d have a larger AF than the conventional piezoelectric
resonator, a wider transmission frequency band 1s achieved
as compared with the conventional piezoelectric resonator.

A two-terminal electronic component 60 such as a reso-
nator and a discriminator can be produced with a piezoelec-
tric resonator 10 as shown 1n FIG. 38. Two terminals 90
made from an electrically conductive material are prepared
to produce such a two-terminal component 60). These ter-
minals 90 are formed such that they extend from hoops 92.
Practically, a plurality of terminals 90 are formed on each
hoop 92 and arranged 1n line. A terminal 90 1s provided with
a fold section 94 at the intermediate portion and an H-shaped
support member 96 at the end. The support member 96 is
bent and 1s provided with a protruded mounting member 98
at the center. The two terminals 90 are disposed such that
their mounting members 98 oppose each other.

The piezoelectric resonator 10 1s supported between the
mounting members 98. The mounting members 98 abut
against the external electrodes 20 and 22 preferably at the
center of the piezoelectric resonator in the longitudinal
direction. Since the terminals 90 have fold sections 94,
which serve as spring elements, the piezoelectric resonator
10 1s spring-supported by the terminals 90. A case 100
having an opening at one end 1s placed on the piezoelectric
resonator 10. The opening of the case 100 is preferably
closed with paper and then resin-sealed. The terminals 90
are cut from the hoops 92 to complete the electronic com-
ponent 60. The eclectronic component 60 having a shape
other than a chip-shape can thus be made.
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Since the base member 12 has a laminated structure, the
capacitance of the piezoelectric resonator 10 according to
the preferred embodiments of the present invention can be
set to any desired value and it 1s easy to achieve 1impedance
matching with an external circuit. Since the preferred
embodiments of the present invention provide a stiffened
piezoelectric resonator, the resonator has a larger AF and a
wider Ifrequency band than the conventional unstiffened
piezoelectric resonator. In addition, the stiffened piezoelec-
tric resonator has small spurious vibrations. Furthermore, by
adjusting the sizes and positions of the active section and the
inactive sections, AF can easily be changed. Since the
clectronic component 60 according to the preferred embodi-
ments of the present invention has a simple structure, it can
be produced at a low cost while achieving the above-
described features and advantages of the piezoelectric reso-
nator 10.

Since the piezoelectric resonator 10 according to the
preferred embodiments of the present invention includes
more parameters which can be designed than the conven-
tional piezoelectric resonator, various desirable resonator
characteristics are achieved. The relationships between these
parameters, AF/Fa and capacitance Cf are indicated in FIG.
39. It 1s understood from FIG. 39 that these parameters
increase the degree of flexibility and freedom in designing
the characteristics of the piezoelectric resonator 10.

While the invention has been particularly shown and
described with reference to preferred embodiments thereof,
it will be understood by those skilled in the art that the
foregoing and other changes 1n form and details may be
made therein without departing from the spirit and scope of
the 1nvention.

What 1s claimed 1s:

1. A piezoelectric resonator comprising;

a piezoelectric base member including a plurality of
piezoelectric layers and a plurality of electrodes;

means for driving said piezoelectric base member; and

a support substrate supporting said piezoelectric base
member; wherein

at least two of said piezoelectric layers are stacked on
cach other and at least one of said plurality of elec-
trodes 1s disposed between said at least two of said
piezoelectric layers and said at least two of said piezo-
electric layers are polarized 1n opposite directions such
that a longitudinal basic vibration 1s generated 1n said
base member along a longitudinal axis of the piezo-
clectric base member and said piezoelectric base mem-
ber 1s displaced along the longitudinal axis when said
means for driving said piezoelectric base member
applies an electric field to said at least one of said
plurality of electrodes and such that a single vibration
node at which point substantially no vibration occurs 1s
defined at an approximate center of the piezoelectric
base member and said piezoelectric base member 1s
supported on said support substrate only at a location of
said single vibration node located at the approximate
center of the piezoelectric base member.

2. A piezoelectric resonator according to claim 1, wherein
said plurality of piezoelectric layers and said plurality of
clectrodes are arranged 1n a laminated stack which defines
an 1ntegral unit.

3. A piezoelectric resonator according to claim 1, wherein
cach of said plurality of piezoelectric layers 1s arranged to
vibrate 1n a thickness vibrating mode and said plurality of
piezoelectric layers and said plurality of electrodes are
arranged 1n a laminated stack such that said base member
vibrates 1n a longitudinal vibration mode as an integral unit.
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4. A piezoelectric resonator according to claim 1, wherein
said plurality of piezoelectric layers and said plurality of
electrodes are stacked and define an integral unit, each of
said plurality of electrodes 1s disposed between adjacent
ones of said piezoelectric layers, each of said piezoelectric
layers located between adjacent ones of the electrodes is
polarized 1 a direction that 1s opposite to a direction of
polarization of at least one adjacent piezoelectric layer.

5. A piezoelectric resonator according to claim 1, wherein
said base member 1s polarized in opposite directions at both
sides of at least one of said plurality of electrodes.

6. A piezoelectric resonator according to claim 1, wherein
said base member includes an active section constituting a
first portion of said base member and at least one 1nactive
section constituting a second portion of said piezoelectric
base member.

7. A piezoelectric resonator according to claim 6, wherein
said active section 1s polarized 1n a longitudinal direction of
said base member and arranged to generate a longitudinal
vibration 1n said base member when an electric field 1s
applied 1n the longitudinal direction of said base member,
said at least one 1nactive section 1s not polarized or not
energized by an electric field.

8. A piezoelectric resonator according to claim 6, wherein
said at least one 1nactive section 1s disposed at one of two
opposite ends of said active section and extends to an end at
said base member.

9. A piezoelectric resonator according to claim 6, wherein
said active section occupies at least approximately 50% of
the length of said base member which extends i1n the
longitudinal direction of said base member.

10. A piezoelectric resonator according to claim 1,
wherein said plurality of electrodes are arranged substan-
fially perpendicular to a longitudinal direction of said base
member.

11. A piezoelectric resonator according to claim 1,
wherein said at least one pair of electrodes comprise internal
clectrodes, the piezoelectric resonator further comprising a
pair of external electrodes each disposed on one of two
opposite side surfaces of the base member and extending
along a length of the base member.

12. A piezoelectric resonator according to claim 1,
wherein said plurality of electrodes each includes an
exposed portion which extends to an external surface of the
base member, wherein the plurality of electrodes are alter-
nately covered by insulating film disposed on opposite side
surfaces of the base member such that each insulating film
covers an exposed portion of every other one of the plurality
of electrodes.

13. A piezoelectric resonator comprising;:

a piezoelectric base member including a plurality of
piezoelectric layers and a plurality of electrodes;

means for driving said piezoelectric base member; and

a support substrate supporting said piezoelectric base
member; wherein

said plurality of piezoelectric layers and said plurality of
clectrodes are arranged i1n a laminated stack which
defines an 1ntegral unit and which 1s arranged such that
when said means for vibrating said piezoelectric base
member applies an electric field to the piezoelectric
base member, the piezoelectric base member vibrates in
a longitudinal vibration mode along a longitudinal axis
of the piezoelectric base member and said piezoelectric
base member 1s displaced along the longitudinal axis
such that a single vibration node at which point sub-
stantially no vibration occurs 1s defined at an approxi-
mate center of the piezoelectric base member and said
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piezoelectric base member 1s supported on said support
substrate only at a location of said single vibration node
located at the approximate center of the piezoelectric
base member.

14. A piezoelectric resonator comprising:

a piezoelectric base member including a plurality of
piezoelectric layers and a plurality of electrodes;

means for driving said piezoelectric base member; and

a support substrate supporting said piezoelectric base
member; wherein

cach of said plurality of piezoelectric layers 1s arranged to
vibrate 1 a thickness mode and said plurality of
piezoelectric layers and said plurality of electrodes are
arranged 1n an integral stack such that when said means
for vibrating said piezoelectric base member applies an
clectric field to the piezoelectric base member, said
base member vibrates 1n a longitudinal vibration mode
along a longitudinal axis of the piezoelectric base
member and said piezoelectric base member 15 dis-
placed along the longitudinal axis such that a single
vibration node at which point substantially no vibration
occurs 1s defined at an approximate center of the
piezoelectric base member and said piezoelectric base
member 15 supported on said support substrate only at
a location of said single vibration node located at the
approximate center of the piezoelectric base member.

15. An electronic component comprising:

a substrate;
a mounting member mounted on said substrate;

at least one piezoelectric resonator including a piezoelec-
tric base member including a plurality of piezoelectric
layers and a plurality of electrodes;

means for driving said at least one piezoelectric resonator;
whereln

at least two of said piezoelectric layers being stacked on
cach other and at least one of said plurality of elec-
trodes being disposed between said at least two of said
piezoelectric layers and said at least two of said piezo-
clectric layers are polarized 1n opposite directions, and
being arranged such that when said means for vibrating
said piezoelectric base member applies an electric field
to the piezoelectric base member, the piczoelectric base
member vibrates 1n a longitudinal vibration mode along
a longitudinal axis of the piezoelectric base member
and said piezoelectric base member 1s displaced along,
the longitudinal axis such that a single vibration node
at which point substantially no vibration occurs is
defined at an approximate center of the piezoelectric
base member and such that a vibration node at which
point substantially no vibration occurs 1s defined at an
approximate center of the piezoelectric base member,
said at least one piezoelectric resonator being mounted
on said substrate via said mounting member such that
the piezoelectric base member 1s supported only at said
single node point at the approximate center of the
piezoelectric base member;

a cap disposed on said substrate for covering said base
member.
16. An clectronic component comprising:

a substrate having a pattern electrode disposed thereon;

a mounting member mounted on said pattern electrode on
said substrate;

a plurality of piezoelectric resonators mncluding a piezo-
clectric base member containing a plurality of piezo-
clectric layers and a plurality of internal electrodes;
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means for vibrating said plurality of piezoelectric reso-

nators; wherein

at least two of said piezoelectric layers being stacked on
cach other and at least one of said plurality of elec-
trodes 1s disposed between said at least two of said
piezoelectric layers and said at least two of said piezo-
clectric layers are polarized 1n opposite directions and
are arranged such that when said means for vibrating,
said piezoelectric base member applies an electric field
to the piezoelectric base member, the piezoelectric base
member vibrates 1n a longitudinal vibration mode along
a longitudinal axis of the piezoelectric base member
and said piezoelectric base member 1s displaced along
the longitudinal axis such that a single vibration node
at which point substantially no wvibration occurs is
defined at an approximate center of the piezoelectric
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base member, said piezoelectric base member 1nclud-
ing at least one pair of external electrodes being
arranged such that each of said plurality of internal
clectrodes 1s electrically connected to one of said at
least one pair of external electrodes, said at least one
piezoelectric resonator being mounted on said pattern
clectrode on said substrate via said mounting member
such that said pattern electrode 1s electrically connected
to said at least one pair of external electrodes such that
the piezoelectric base member 1s supported only at said

single node point at the approximate center of the
piezoelectric base member; and

a cap disposed on said substrate for covering said base

member.
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